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Energy’s Water Demand: Trends, Vulnerabilitie
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energy sect-growisng hwat ast eeStsauPmearj eicnt itchres Uantittreidb
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vul nerabl e energy @medwotmpern idndnr eviitabioltihtey wa:

constsruacihn tass. dCloiumgehttes change iinmp ascansemarye grMiaagtnesr S U |
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changing water use has nati coals uad dg uengti ioomra |l f &
Congrewkat iiss the appropriate fsedvar &Ir | tldlma nidr? r e s
aggr cquatreenenkepdiial es cond rriibauitreg twatedhre rdggmand

ener gy i nthsetretse samd dl oc al gover nnge nathsd anmeee triensgp o n
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is aimed at managiwgtéehedemandy bseSsftead, the cur
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enesgwater demand -wandk rr ecbdodf Mrdodaeseas fgyf eder al pol i
contributing to rising water demandt hiiss bproilnigciyng

aren&aocal or regi onwailt hc oenxpieastdiitaifgd resrsf eawrts ' dw a tmaark e s e
water demantd s$hgegnsfBhimeahni mea tsbhé wageonaksandclkascd
availability and managemernetl actoendp laicctatoen smany f e de

Options for managisngiadaed meentainmg reamgrgy rom mai ni
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1 Thermoelectric power plants burn or refusl to generate steam, which turns a turbine connected to a gerlesato
producelectricity. Cooling water is used to condetise steam into boiler feegater, so the process can be repeated.
SeeAppendix C for more information on thermoelectric cooling technologies and water use.

2U.S. Geological SurveyEstimated Use of Water in the United States in Z@fular 1344: 2009).

SD. El caclk, U.But Wat er Consumpt i onlourntllofedhe Rmoetican Vater Ener gy Pr od |
Resources Associatipwol. 46, no. 3 (June 2010), pp. 4480, hereafter referred to ascBtk 2010.
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fits intocmoatsiuonpdli omgt emd options for managing
report first | ays butwattheee ctareednd s ts hda psicrug seerse regnye
vul nerability to wiattedi sonstseaipotvajl edtiidamhdeinofd, en
expl ores three r egsi owaatle regumsep:l essiTaa £.negglyar ene
Sout hwest, and biofuels i npotlhiec yHiogpht iPanasi nasn.d Hienge
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i nf or mat i otne cohnn ostipeegcsi ef siadhhfireetproerntd sdoes not di scuss
ener gys swatterr quality i mpacts, althoehgplnt hey rep
concerns ovalri ttyh ee fwfad @trg rgiamoguhnyt dari anutd ai ped hné rnai cntg

Deeptwer Hor i’Emerr @y lusgpibdyaltib®e wat edi secsgoed in t
although water o ommwayiviad b loem mesamanef or reducing e

4 SeeCRS Report RS2142Mountaintop Mining: Backgroundn CurrentControversiesby Claudia Copeland

5 SeeCRS Report R4131The Deepwater Horizon Oil Spill: Coastal Wetlaanad Wildlife Impacts and Responbgy
M. Lynne Corn and Claudia Copeland.
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The Federal Role in Water Allocation, Management, and Planning

The UnitedStates is endowed with considerable water resources; even in the drier West there are some mg
rivers and substantial groundwater supplies. Responsibility for development, management, and allocation g
nationds water r es oulrstate docal, tsibalsapdpevatdintereste.ng f eder a

Water Allocation

The statesadministermost water rights allocation, deciding how to distribute freshwater among users. The
mechanisms for distribution differ for each state, with states in the East and hi&stically following two
different systems of water law. Distribution becomes more contentious as local or regional demand and
environmental needs outpace sustainable and affordable supplies. States in large part decideawtidibeto
adapt allocatin mechanisms and institutions to meet changing demands and priorities, and whether to allow
facilitate the movement of water among alternate uses. However, the federal role in allocation increases as
ramifications of state water allocations aret fel other states or internationally, or when they run contrary to
federal law, such as the Endangered Species Aitteo€lean Water Act. Rather than directly influencing state
allocation laws, decisions, and institutiong fderal government usuallges indirect means to influence water
use, such as programs for agricultural water conservation, investments in watmeatation research, and
support for water resource planning.

Water Management

The federal government has been called upon to assthtand pay for a multitude of water resource
development projects. Federal works range from improvements to facilitate navigation beginning in the earl
days of the nation, to more recent efforts to reduce flood damages and expand irrigation. It dezees, the
federal government also has regulated water quality, protected fish and wildlife, and facilitated some water
augmentationCriticism of the fractured nature of federal water policy and concerns about the efficiency of
current water u® have been recurrent themes for decades. Congress has not enacted comprehensive char
federal water resources management or national water policy since enactment of the 1965 Water Resource
Planning Act (P.L. 880; 42 U.S.C. 8962). While many staholders call for better coordination and a clearer
national ovision" for water management, Congr es{
federal control over state and local matters or as attempts to concentrate power in the exedutareh. Instead,
Congress has enacted numerous incremental changes, agency by agency, statute by statute. Both the exe
judicial branches have responded to these changes and, over time, have developed policy and planning md
on an ad hoc bgis. When coordination of federal activity has occurred, it has been driven largely by pending
crises, such as potential threatened or endangered species listings, droughts, floods, and hurricanes; and
or regional initiatives. Concern about watsupply, however, has bolstered recent interest in legislation to
establish a national water commission and stratéggr more information on national water policy and a previo
commission, sSe€RS Report R40573hirtyFive Years of Water Policy: The 1973 National Water Commission
Present Challengesordinated by Betsy A. Cody and Nicole T. Caiter

Water Planning

Energyds rising water demand and the potential f
reliability in some regions are part of a recent interest in water planning. Consensus, however, does not exi
about the utilityof or proper federal role in planning. Following the 1965 Water Resourcesiihg Actthe

federal government supported federal, state, and river basin planning. By the late 1970s, this planning was
positively received and criticized for its costs and usefulnessciiibenge of water planning is summed up in a
1973 report:

A persistent tendency of water resources planning has been the issuance of single valued projections
use into the future under a continuation of present policies, leading to astrononstiaiaes of future water
requirements.... The amount of water that is actually used in the future will depend in large measure or]
policies that are adopted. The National Water Commission is convinced that there are few water
“requirements."... Buthtere are "demands" for water and wateglated services that are affected by a whol
host of other factors and policy decisions, some in fields far removed from what is generally considered
water policy. (National Water Commission\Vater Policiesrfthe Future: Final Report to the President and
Congress of the United St@féashington: GPO, 1973), p. 2)

In the late 1970s and early 1980s, federal funding for state planning declined, and federal involvement shrg
the defundingof the executivelevel Water Resources Council and most federal river basin commissions. Son|
water resources stakeholders continue to view federal involvement in planning as infringing on state primad
while other stakeholders support greater federal involvemienivatershed, mukobjective, or integrated plannin
efforts. Some states, such as California, Texas, and Florida, have undertaken their own planning efforts.
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Table 1. Energy Trends Produce Water Use Trends

Energy Trend Resulting Trend i n E n éNagry Bse

Shiftfrom foreign oilto biofuels Il ncreases ener gy ddemestiaagrieuiturat ioigaton
water (andother inputg is needed for fuel production.

Shift to shale gas Natural gas development using hydrafiféturingmay raise water
guantity concerns if well development isagraphically concentrated
areas with water constraints. However, natural gas froacfuring
consumes less U.S. freshwater than domestic ethanol or onshore oi

Growth in domestic electricity More waterused for electricity generatiofiow much more depends

demand on how the electricity is produced (e.gmallerquantities needed if
electricity demandsire met with wind and photovoltaic solalarger
guantitiesif met with fossil fuels or certain renewable sources).

Shift to renewable electricity Concentratingsolarpower technologiesanuse more waterto
produceelectricity than cal or naturalgas these solar facilities are
likely to be concentratedn water-constrainedareas. Technologies are
available to reduce this water use. Other renewable technologies, si
as photovoltaic solar and wind, use little water.

Use ofcarbon miigationmeasures Carbon capture and sequestrationay double water consumption for
fossil fuel electric generation.

Source: CRS
Whet her and how mmecivat e demagyg gewiwvbii bet he nex
significantly influenced by whether energy demar
the future energy portfolio vary widely. These p
many factors, including magketandndgeccuomdmiuc at ompc
resource availability, technology devel opment s,
projecti onnswatferrncde gagn al so are highly wuncertai
I

n
Admi ni stration (E )erlgry t(hDeO ED e pparrotj mecrtts afhat t he

6 DOE, National Energy Technology LaboratdiyETL), Estimating Freshwater Needs to Meet Future Thermoelectric
Generation Requirements (2009 Updafe)64,http://www.netl.doe.go@nergyanalysegiubs/
2009%20Water%20Needs%20Analysis¥42Q0Final%20(980-2009).pdf hereafter referred to as NETL 2009.
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consume 22% more electricity andPapgel smbrenl i qui c
roi it

[
growth and increased el ect city use per cap a
Significant gshnfésseéoelmecer waitey generation (e.og
facilities using evapionrtaetnisvee fcuoeollsi n(ge). go.r, nooirle swhe
enesgwdeemand in | ocations 8Mhehsilgaeseéeengprcgy of es
water demasdi Mlepart ehoWwomatbchcwatdieti ossl ocally a
its alternative uses would be. The most growth i
expected in the Southweststi+hbhe Nerthewgesonsaadr e
experiencing intense competition over water and

Transportati ono6s Wistinereasimgonsumpt i

The transportation sector offers an example of how energy trends affect water W&ger consumption by
transportation fuels is anticipated to increase between 2005 and 2030; this increase is shaped by multiple t
As shown in the figure belownancrease in miles driven and the increasing watégnsity of fuels, as a result of
irrigated biofueldi.e., biofuels derived from irrigated feedstooyerwhelns the water gains from improving
vehicle fuel efficiencyAppendix B has more information on water consumed for a variety of transportation
fuels.) For lightluty vehicles (LDVs}he Energy Information Administration (EIA) projects a 50% incr@asgles
traveled while the waterintensity of those miles is projected tose from 40 gallons per 100 miles traveled to
almost 90 gallonsaccording to researcher€onsequently, wateconsumption for LDV travel isoughlyprojected
to triple from 2005 to 2030Water consumption for LDV travel increased 50% between 2005 and 2010.

12

10

& Freshwater
Consumed

—e—Daily LDV
Miles

(in billions)

Freshwater Consumption by
LDVs (billion gallons per day,
bgd)

200520102015202020252030

Sources: C. W. King,, M.E. Webber, and U. DuncangThe Water Needs for LDV Transportation in the United
States,'Energy Poljoyol. 38 (2010), pp. 1157167;EIA,Annual Energy Outlook 200&8ble 7, Transportation
Sector Key Indicators and Delivered Energy Consumption, Line 15. The King 2010 as8d2008 EIA data.

7EIA, Annual Energy Outlook 2010 Early Relea®¢ashington, DChttp://www.eia.doe.gowiaf/aeofeoref tab.html

8 For more on oil shale and water rights, €8S Report RS22988Vater Rights Related to Oil Shale Development in
the Upper Colorado River Basiby Cynthia Brougher
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The more freshwater used by the energy sector, t
constraints. HoweverAppaesh ddi@{schr i breer gpotveemacs ame
the sector watidm cocdivad emo raepariolbd beigsipteg i al 'y regi on
dr owmgdt | ow stcaampodooew a cts&ntandEhreefyagibuy.
generation i s mafrdfoiwvew!|l aohgi sieossti Mere¢ t han 80%
generated at t htematoedegemd com azbd® § 6 wisoooadotings
and waatremmaysyncst r a-i nt easer alternati veisn fecosru ntthier mo e
across tAdedictoiulmnaly ways that water can constrain
hydroelectric generation during drought. Bi oener
droughts, hkbaeBdwangesextcidiaemi,manpngbe stalVeddback
water qual sed¥yadenmpmatrendt nhy .Wbhwl watwat ecogcadinsit omas nt
perceived as an issue for the western United St e
East are @ixmiemi emed hAhtirleeh m Pl eveimwmp e e s
availafofiddttiyng siting and operations of ther moel
Ari z2%%greanerally there are ways to reduce the use
conssraint

Water supplies often are most con'st waieeduder i 8¢
at its height in many redd ohG4d mMRApeplrexni mae &dtyor2d
i n drporuognhet 'fTehgei oMuwsc.l ear Re gnulsaettosr ymi Ghoi nmmuins ssioou r c e
el evation |l evels for each plant, so that a plant
bel ow pl ant cobfiogolwanhgrwanheamnkseeseurces fall bel c
water Ifevédle, maxiimomrteksédioma for t headin®dehdrege of
met, a facility is regAAicemdmodmwm! powidthddoevxamp| @ oo

occurred on August 16,0wn00d7 ,bywhehre al emwnelsesare rVaa d
(TVAY) t hres BFeorwy Nucl ear Power Pl dnts icro oAli amlga ma

water discharge exceeded temperature regul ati onse
Tenness.éee Rheesummer of 2010, the ¢samdb55pl aht cut
capacity when the cooling water t e&’Ther attdueeagali
generation resulted in $50 million in higher <cos
million upgrade and expamaviood of miitarcocoll hggsys:s
futitire.

9 U.S. Department of Agriculture (USDA) Forest Servi2@)0 RPA Assessment of Forest and Raagels FS687,
February 2001, p. 14.

10See U.S. Climate Change Science Program and the Subcommittee on Global Change Eéfeetsdf,Climate
Change on Energy Production and Use in the United St8tgghesis and Assessment Product 4.5, February pp08
31-32, hereafter referred to BsS. Climate Science Program 2008.

M. Hightower and S.haleng® Naurgove. 452,'nd. 7185 (Marah 20g 2008)Cpp. Z856.

12Tennessee Valley Authority, Pr e $ iRé@motr t ” p Kog. 2E 0 p. 88htip:Bwww.tva.govabouttva/
boardpdf/11-4-2010_board_final.pdf

13 1bid, p. 89.
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Water Constraints on Thermoelectric Cooling

More than 80% of U.S. electricity is generated at thermoelectric facilitresrmoelectric facilitiegenerallycan be
used to produce power as needed, accorglto consumer demand and fuel supply. This responsiveness to
demand makes electricity from these thermoelectric facilities particularly attradthermoelectric facilities can
be fueled by a variety of fuels; coal, nuclear, and naturalrgate mostcommon.Renewable sources such as
concentrating solar power (CSP), geothermal, and renewable biomass alsthesmaelectricsteam cycle
Thermoelectric power plantsisefuel to produce heat togenerate steam, which turns a turbine connected to a
generata that produceselectricity. Cooling is required to condenske steambackinto boiler feedwater, so the
process can be repeateW ith few exceptionswater is used to cookxisting U.S. therwelectric power plants
Thermoelectric cooling represents 41% of the freshwater withdrawn nationally, and roé@hbfthe water
consumechationally

The cooling options available for thermoelectplaintsvary in their water withdrawal and consumption.atér
withdrawal is the volume of war removed from a water source. @hsumption is the volume losthat is no
longer available for us&xcessive withdrawals caiarm aquatie@cosystems, while excegsiconsumption
depletes the water availabler other uses. The two commoroolingmethods are oncghrough cooling and
evaporative cooling. Onetiarough cooling pulls large quantities of water off a water body, discharggsother
pl ant 8s wast e (Whchtypicallynaises itsttemperatur@ £0® 20°F), then returns the majority of
the withdrawn water.Once-through cooling, while largely a nmonsumptive water useequires that water be
continuously available for power plant operatiofiiisreduces theability for this water to be put towad other
water uses anadtan make cooling operations vulnerable to low streamfldawsaporative cooling withdraws muc
smaller volumes of water fanse in a coolingower or reservoir, where waste heai dissipated byvaporatimg
the cooling waterEvaporaive cooling consumes watevlany power plants operating in the East use ance
through cooling, while the majority in the West use evaporative cookilthough someoastal facilities ussaline
water for oncethrough coolingln general, older thermoeledt plants use oncéhrough cooling. The
withdrawabs ef fect on the ecol ogy an dtemperadre ahdychemitals bflthe
discharged cooling watein oncethrough cooling have resulted in newer power plants generally using
evaporative coolingThe figure below was produced by Electric Power Research Institute (EPRI) in 2003. It
projects the counties where thermoelectric cooling may be constrained as the result of water availability in 2
this figure was created assumingtbric water availability; that is, it did not account for potential climate chand
effects on water supply or electricity demand.

Thermoelectric Cooling Constraint Index
number of counties in parentheses
(=] Highly constrained (191)
B Moderately constrained (235)

No existing generation or constraints unlikely(2685)

Figure source: EPRIA Survey of Water Use and Sustainability in the United States with a Focus on Power
Topical Report, Nov. 2003. ERR&analysis did not include Alaska and Hawaii.
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“uUsS.Climate Science Program 2008, empgenerdtibncanfbe expected tolheadirecttyhy dr oel e
and significantly affected by climate change..with potenti a
Columbia River Basin and Northern Calif or nireaperateddoydr oel ectr
maximize stored water and minimize losses to evaporation, in areas where conserving available freshwater supplies

may become more critical.

15 M. Furnisset al.,Water, Climate Change and Forests: Watershed Stewardship for a Changing Clingate
Department of Agriculture, Forest Service, Pacific Northwest Research StationGIR812, Portland, OR, June
2010, http://www.fs.fed.uggnwipubspnw_gtr812.pdfhereafter referred tasdorest Service 2010.

16 U.S. Climate Science Program 2008, p. 38.

17For a discussion of data gaps related to thermoelectric power plants, see U.S. Government Accountability Office
(GAO), EnergyWater Nexus: Improvements to Federal Water Use Data Woulddse Understanding of Trends in
Power Plant Water Us6GAO-10-23, Oct.16, 2009.

18 pastforecass of national water use have proven highly inaccurBihe draft report cited below includes a graph
showing a wide variation of previously projected freshwaigndrawals. It further illustrates that all but one
overestimated actual water withdrawals: U.S. Army Corps of Engineers, Institute of Water ResdancesStudy:
National Water Demand and Availability AssessmBRAFT, Alexandria, VA, Feb. 1995, p. 7. Some recent reports,
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water supply for energy development in the West
policy recommendati,onsssdaivani medy eDPmBH | ate 2012

like Forest Service 2010, indicate a role for scerbased forecasts.

19W. B. Solley et al.Estimated Use of Water in the United States in @85GS Circular 1200, 1998),
http://water.usgs.gowatusepdf1995html/. Hereafter referred to as USGS 1998.

20 The Forest Service 2010 water assessment is anticipated to assess the vulnerability of the coterminus United States to
watersupply shortages over the next 50 years, including alternative scenarios for climate change. It is not breaking out
energy’s water use or evalwuating the sensitivity of the as
information on this ssessment, séwtp://www.fs.fed.usm/humandimensionstaffl2010_rpa_assessment.shtml

2L Elcock 2010; D. ElcockBaseline and Projected Water Demand Data forr§pend Competing Water Use Sectors
Argonne National Laboratory, Environmental Science Division, November 2008.

2yU. S. Dept of the Interior, “Secretary Salazar Launches Ne:
Meeting of Colorado RiverBasi Wat er Leader s, ” p htpdvevwdotdowewspeessrel®esdas,. 20, 201
SecretanSalazarlLaunchesNew-RegionalClimate ScienceCenterandWaterCensusat-Meetingof-ColoradeRiver-
BasinWaterLeaders.cfm

Z2For more information see, Regiena WansnmissionrExp@eionemijgcor s’ Associ at |
http://www.westgov.orghdex.php®ptioncom_content&iew=article&id=311&Itemid=81.
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24 USDA Forest ServiceRast and Future Freshwater Use in tdeited States: A Technical Document Supporting the
2000 USDA Forest Service RPA AssessniRiiRS-GTR-39, Sept. 1999, p.4

25 The extent to whicincreased water use for bioenergy results in a net increasednalatiater consumption
remains thesubjectof debate.

26 Calculated using data tables f6-Wen Chiu, Brian Walseth, and Sangwon StWater Embodied in Bioethanol in

the United State’s Environmental Seince & Technologwol. 43, no. 8 (2009), pp. 268892, hereafter referred to as
Chiu 2009; ad Kansas Department of Agriculture, Division of Water Resouktfager Use in Kansas
http://www.ksda.godppropriationtontentl 16. Insufficient data are available to analyze more locaktesfen water

use (e.g., county level water use). Chiu 2010 includes water used for irrigation and for converting the feedstock into
fuel; it does not include precipitation, soil moisture, and other water indirectly consyrieel feedstock.

27 Forest Senge 2010 pp. 1516, and 24.
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Figure 1.Projection of U.S.Water Consu mption

U.S. Water Consumption (in bgd)

120
E_nelrgyr i
100 - (includes bioenergy)
o——— Domestic and public
S s s e e s —— Livestock
80 ~ Industrial and
commerical
e Agriculture
60 (other than bioenergy)
40
20
0

2005 2010 2015 2020 2025 2030

Change in U.S. Water Consumption from 2005 to 2030 (in bgd)
Energy
(includes bioenergy)

Domestic and public

- Livestock

‘ Industrial and

commerical
Agriculture
(other than bioenergy)
2 -1 0 1 2 3 4 5 6
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Journal of the American Water Resources Asswola#énno. 3 (June 2010), pp. 4480
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Energy’s Water Demand: Trends, Vulnerabilitie

Figure 2. E n e r g Fraslswater C@sumption
(in billion gallons per day, bgd)

Energy’s Water
Consumption

Fossil Fuels Bioenergy )
mm:r:? , prodction, rmga%m Thercmolt;lectrlc Carbon Capture Hydropower

and processing and processing ooling and Storage
2005:0
2030 0.9-2.3 bgd

2005 NA
2030: NA

—
2005: ~12 bgd 2030: ~18 bad

Fossil Fuels Fossil Fuels

Bioenergy

Thermoelectric .
Cooling Thermoelectric

Cooling

Source: CRS, using data sources noted below.
Notes: NA = not available

a.D. ElcockoFuture U.S. Water Consumption: The Role of Energy Produddidaurnal of the American Water
Resources Asstioiavol. 46, no. 3 (June 2010), pp. 4430,
b. NETL Estimating Freshwater Needs to Meet Future Thermoelectric Generation Requirements,(206@ Update)

c. A 2003 National Renewable Energy laboratory (NREpprt estimated that evaporation at resavirs at the
120 largest existing U.S. hydroelectric facilities represented q4mgP. Torcelliniet al.,Consumptive Water Use
for U.S. Power ProducfidREL, 2003), available latp://www.nrel.govdocsfy040stiB5190.pdf hereafter

referred to as NREL 2003This estimate isiot shown in the figure above becausese reservoirs are used for
multiple purposes; therefore, evaporation at these reservoirs cannot be attributéydoopower alone

Projections are based on assumptions that are st
energy demand and wefdfei diephtoyeneet gy fopmwtait@ems may
water use below projectéednkcgvahd. RAne@BbEre EqerE
study found thats eexlpeacntdriincg ttyh ep oratfiodn o to 20% w
water consumption by 1.2 bgd compared to expandi
water would be 4/1C84 datonPItaiensMi dwx% tf rom t he West
Southeast, and 1#% from the Northeast

DOE,20% Wi nd Energy by 2030: Increasing Wi,duy2@8ergyoés Contr
185, http://wwwl.eere.energy.govindandhydrgpdfs/A41869.pdf hereafter referred to as DOE 2008 the report, the

Midwest/Great Plains region included lllinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North

Dakota, Ohio, Oklahoma, South Dakota, Texas, and Wssno
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